ABSTRACT: Background: High cesarean section rates in Brazilian public hospitals and higher rates in private hospitals are well established. Less is known about the relationship between payment source and cesarean section rates within public and private hospitals. Methods: We analyzed the 1998, 2003, and 2008 rounds of a nationally representative household survey (PNAD), which includes type of delivery, where it took place, and who paid for it. We construct cesarean section rates for various categories, and perform logistic regression to determine the relative importance of independent variables on cesarean section rates for all births and first births only. Results: Brazilian cesarean section rates were 42 percent in 1998 and 53 percent in 2008. Women who delivered publicly funded births in either public or private hospitals had lower cesarean section rates than those who delivered privately financed deliveries in public or private hospitals. Multivariate models suggest that older age, higher education, and living outside the Northeast region all positively affect the odds of delivering by cesarean section; effects are attenuated by the payment source-hospital type variable for all women and even more so among first births. Conclusions: Cesarean section rates have risen substantially in Brazil. It is important to distinguish payment source for the delivery to have a better understanding of those rates. (BIRTH 41:2 June 2014) Key words: Brazil, cesarean section, hospital type, nonclinical factors, payment source Brazil has a long history of high cesarean section rates and of large differences between the rates of surgical births in the public and private sectors (1-3). Cesarean section rates are extraordinarily high in private forprofit hospitals, and rates of 80 percent of all deliveries have been documented (2). Public hospitals, on the other hand, have previously been shown to have cesarean rates in the 20 to 30 percent range (2,4). Though considerably lower in public institutions, these rates are still up to double the 15 percent maximum level recommended by the World Health Organization (5-8). These very high cesarean rates likely lead to a large number of unnecessary surgeries. Indeed, in the late 1990s, when cesarean section rates were lower than currently, it was estimated that over 850,000 unnecessary cesarean sections were performed each year in Latin America (6). In addition, like cesarean section rates in industrialized countries (9), rates for surgical delivery in Brazil have been increasing over the last decades (10).
Brazil has a long history of high cesarean section rates and of large differences between the rates of surgical births in the public and private sectors (1) (2) (3) . Cesarean section rates are extraordinarily high in private forprofit hospitals, and rates of 80 percent of all deliveries have been documented (2) . Public hospitals, on the other hand, have previously been shown to have cesarean rates in the 20 to 30 percent range (2, 4) . Though considerably lower in public institutions, these rates are still up to double the 15 percent maximum level recommended by the World Health Organization (5) (6) (7) (8) . These very high cesarean rates likely lead to a large number of unnecessary surgeries. Indeed, in the late 1990s, when cesarean section rates were lower than currently, it was estimated that over 850,000 unnecessary cesarean sections were performed each year in Latin America (6) . In addition, like cesarean section rates in industrialized countries (9) , rates for surgical delivery in Brazil have been increasing over the last decades (10) .
Although cesarean section rate differences in public and private hospitals in Brazil are well known, not all public hospital deliveries are publicly financed; likewise, some private hospital births are paid with public funds (much like a woman delivering a Medicaid-paid birth in a private hospital in the United States). Public funds for health care in Brazil come from the Sistema Unico de Sa ude, or SUS, which was established in 1988 and receives financing directly from federal and local governments. SUS is the free public health care system which was used by 75 percent of women between 15 and 49 years of age to cover their last delivery, as reported by the 2006 Pesquisa Nacional de Demografia e Sa ude da Crianca e da Mulher (PNDS; authors' calculations). Private for-profit health insurance companies, either contracted by health care consumers on an individual basis or provided by an employer, pay for the majority of medical services in private for-profit hospitals that do not accept SUS patients. The 2006 PNDS shows that 15 percent of hospital deliveries were paid for with private insurance. Direct out-of-pocket payment is a third source of payment for health care, but it is less often used and generally only by the high income population (11) . Around 8 percent of women had the last delivery at private hospitals with direct out-of-pocket payment, according to the 2006 PNDS.
Hospitals are run by either public or private entities. While public hospitals accept SUS patients and those with private health insurance, private hospitals vary in whether or not they accept SUS patients. This difference, therefore, leads to four categories of payment source-hospital type, depending on the source of funds to cover the delivery and the location where the delivery took place: 1) payment by public funds (SUS) in publicly run hospitals, 2) payment by private funds (private insurance or direct out-of-pocket payment) in public hospitals, 3) payment by public funds in privately run hospitals, and 4) payment by private funds in privately run hospitals.
This paper examines the relationship in overall cesarean section rates between 1998 and 2008 and cesarean section rates in first births in 2008 by payment source, about which less is known, and hospital type, as well other nonclinical factors such as women's education level.
Data and Methods
This paper analyzes data from the 1998, 2003, and 2008 Brazilian household surveys, the Pesquisa Nacional por Amostra de Domic ılios (PNAD). We focus on the three surveys conducted after the 1988 Brazilian constitution implemented SUS and that include supplemental health questions of interest.
Our main outcome variable is defined as whether a woman delivered in a hospital by cesarean section or vaginally in the previous 12 months, and we restrict the sample to women between the ages of 15 and 49. Our independent variables are age, years of schooling, live birth order, region of residence, and the four-category variable, described above, for payment source and type of hospital in which the delivery took place. We created the live birth order variable by adding the number of children born to the woman who lived in the household at the time of the survey, number of children who lived in another place, and number of children who were already deceased. This allows us to identify first births by cesarean; however, we are unable to identify repeat cesarean sections in these data.
Out of a total of 314,369 women of reproductive age in the pooled sample in the three surveys, 30,170 received health care in the previous 12 months. Of these women, 13,266 were included for having had a cesarean or vaginal delivery as their most recent health care contact. Finally, we deleted 698 records (0.05% of the sample) that had missing values for any of the independent variables. Based on these criteria, our sample of 12,568 women in the pooled sample includes 4,645 records from the 1998 PNAD, 4,263 from the 2003 PNAD, and 3,660 records from the 2008 PNAD. Fertility declines in Brazil between 1998 and 2008 (12) likely account for the progressively lower number of women surveyed over the time period who had a delivery in the year before the survey.
Female sterilization at the time of delivery is also an important predictor of cesarean section (2), as sterilizations at the time of cesarean are much easier to obtain in Brazil than in the interval after delivery (13, 14) . Unfortunately, the PNAD surveys do not contain this variable, so we are unable to include it in our models.
In the analysis, we construct cesarean section rates for each survey year for each of the independent variables. We then construct 2008 cesarean section rates for the independent variables for each payment sourcehospital type category. Next, we run logistic regression models to predict the odds of delivering by cesarean for each survey year, first estimating the effects for age, years of schooling, live birth order, and region. In a second set of models, we add in the payment-hospital variable. Finally, we run logistic regression models to predict the odds of delivering a first birth by cesarean in 2008. We used Stata 10.0 SE (Stata Corp., College Station, TX, USA) for the statistical analysis.
Results
The overall cesarean rate rose from 42 percent to 44 percent in the 5 years between the 1998 and 2003 sur-veys and then jumped to 53 percent in 2008 (Table 1) , which is a 26 percent increase in the cesarean rate over the 10-year period. Rates are higher than average in all three survey periods for women 25 and over compared with younger women, women with completed high school or higher compared with those with less than high school, those with one or two children compared with women with three or more children, and women who live in the Southeast, South, and Central West compared with those who live in the North and Northeast regions.
On average, women who deliver publicly financed births in public hospitals are younger, less educated, and have more children than all other groups, whereas women delivering privately financed deliveries in private hospitals are the oldest (by about 3 years), most highly educated (by about 4 years), and have the lowest number of children (about 0.5 children fewer). Women in the intermediate categories fall neatly in between these two groups; for instance, women in the SUS/private group are older than those delivering in SUS/public but younger than those delivering in non-SUS/public. These relationships hold across all three survey years (data not shown). Table 1 also shows that cesarean rates are lowest among SUS-financed births delivered in public hospitals (31%, 32%, and 41% in the survey years, respectively). These publicly financed births in public hospitals also accounted for an increasing percentage of the distribution of all deliveries over the period, from 64 percent in 1998 to 71 percent in 2008. As expected, the cesarean section rates are considerably higher among privately financed births in private hospitals (73% in 1998, 79% in 2003, and 85% in 2008). These privately funded private hospital births also experienced little change in the coverage of deliveries between 1998 and 2008, accounting for 22 to 24 percent of deliveries in Brazil over the period. Intermediate rates were found for deliveries in which the payment source did not match the hospital ownership type. That is, SUS-financed deliveries in private hospitals are closer to the rates found among publicly funded public hospital deliveries, whereas privately funded deliveries in public hospitals are closer to the rates found among privately funded births in private hospitals. Finally, the share of deliveries in these intermediate categories decreased over the 10-year period.
Focusing on 2008, we find that cesarean section rates increase as we move across the four payment-hospital type categories for all but one age category (Table 2) . For example, 36 percent of women 20-24 years old had a cesarean section among SUS/public deliveries, compared with 52 percent of this age group among SUS/ private births, 61 percent among privately funded/public deliveries, and 79 percent among privately funded/private births. Likewise, cesarean section rates also increase across the categories for all but one of the education categories, with high to very high cesarean section rates among women with 12 or more years of education in all four categories (58% in SUS/public, 63% in SUS/private, 92% in non-SUS/public, and 89% in non-SUS/ private). Cesarean section rates for women delivering a first or second child also increase across the four categories, with very high rates (>83%) among privately financed deliveries in private hospitals. Cesarean section rates for women delivering a third or high-order child, however, do not follow this pattern: Cesarean section deliveries in public hospitals (regardless of payment source) are much lower than those in private hospitals. In addition, although the intermediate payment-hospital type categories do not show a consistent regional pattern in cesarean section rates, they are typically low in all regions for publicly financed public hospital deliveries, whereas privately financed private hospital births are the highest across regions.
Next, in two sets of logistic regression models, we predict the odds of delivering by cesarean section in Brazil for each of the three survey years (Table 3 ). In the first set of models, which include controls for woman's age, years of schooling, live birth order, and region of residence, we find that the odds of delivering by cesarean increases with age and schooling in all sur- On the other hand, women delivering a third or highorder child had decreased odds of delivering by cesarean in all three survey years, compared with women with fewer children. In addition, compared with women who delivered in the Northeast, women in other regions generally had increased odds of delivering by cesarean in all survey years. When we introduce the payment source-hospital type variable into the full model, we find that all of the above relationships hold but the overall magnitude of the odds ratios is reduced, some to the point where the relationship is no longer statistically significant. The one notable exception is for women delivering a first child in 2008, who had increased odds of delivering by cesarean section compared with delivering a second child; this relationship holds in the full model. The reduced magnitude in the full model is especially true for the education variable in the models; for instance, before introducing the payment source-hospital type variable, the odds of delivering by cesarean among women with 12 or more years of schooling are over four-and-a-half times higher than for women with less than 4 years of schooling. But after introducing the key payment source-hospital type variable in the full model, the odds of delivering by cesarean for the most educated are now less than two times that of the least educated. Results also indicate that, compared with publicly funded public hospital births, the odds of delivering by cesarean section are higher in all other payment source-hospital type combinations. Moreover, the difference among the payment source-hospital type categories increased over the 10-year period. Compared with women who had publicly financed births in public hospitals, women in 1998 who had privately financed births in private hospitals had an over threefold increase in their odds of delivering by cesarean; by 2003, women in this category had an over fourfold increase in their odds of delivering by cesarean; by 2008, the odds had increased to over fivefold.
Finally, to better understand the increased odds of delivering a first child in 2008 compared with a second or high-order child, we conducted logistic regression analysis on the subsample of women with first births to predict their odds of a cesarean section in 2008 (Table 4) . Like we found for all women for 2008, older women are more likely than younger women to deliver a first child by cesarean. However, the impact of education on cesarean section rates for first births is diminished considerably compared with the sample of all women, with only the estimate for the highest-educated women remaining significant (and much smaller) than the estimate in the model for all women. Women in the North region also have an increased odds of delivering a first birth by cesarean section, compared with no difference among all women. After introducing the payment source-hospital type variable into the full model, rising levels of education no longer exert a statistically significant influence on the risk of delivering a first birth by cesarean section. And although no regional differences were found for all women, women who live in the North and Central West regions have a higher risk of delivering a first child by cesarean section compared with those living in the Northeast. Finally, compared with women who deliver a publicly funded first birth in a public hospital, there does not exist a statistically significant increase in the risk of a first birth by cesarean section among women who have a publicly financed delivery in a private hospital. However, the odds for delivering by cesarean section in the first birth are higher for women who deliver privately financed births in either public or private hospitals, and these estimates are higher than they are for the sample of all women.
Discussion
Brazilian cesarean section rates, which started high in 1998, ended up significantly higher by 2008 across all categories of age, education, live birth order, region of residence, and payment source-hospital type. Distinguishing between payment source and hospital ownership tells an important story: Women who delivered publicly funded births in either public or private hospitals had lower cesarean section rates than those who delivered privately financed deliveries in public or private hospitals. Moreover, with very few exceptions, cesarean section rates in 2008 rise across payment source-hospital type categories for all categories of age and education and for first and second births, such that rates are the lowest for the youngest and least-educated women delivering a first or second publicly funded birth in public hospitals. The highest rates are found among the oldest, most-educated women whose first or second births are privately funded in private hospitals. Intermediate rates are found among publicly funded private hospital births, followed by privately funded public hospital births. Regional patterns are less consistent, although the Southeast and South do follow the pattern of increasing rates across the four payment-hospital types.
Our multivariate models for the entire sample of women suggest that older age, higher education, and living in a region other than the Northeast all positively affect the odds of delivering by cesarean section. However, these effects are attenuated by the introduction of the payment source-hospital type variable. This suggests that the combination of who finances the delivery and who owns the hospital in which the delivery takes place exerts more influence than do women's individual variables on whether or not the delivery will be surgical. However, one variable for which the payment source-hospital type variable does not reduce the odds of delivering by cesarean is live birth order. Compared with women delivering a second child, the odds of delivering a first child by cesarean have increased over the 10-year period, even after controlling for the payment source-hospital type variable. In our models predicting cesarean section rates among first births for 2008, we found that after including the payment-hospital ownership variable, rising education levels no longer increase the risks of delivering a first birth by cesarean, nor are publicly financed births in private hospitals associated with an increased risk compared with publicly funded births in public hospitals. However, privately financed births in both publicly and privately owned hospitals exert an even larger impact on the odds of cesarean section in a first birth. Brazilian women, therefore, now appear to be even more likely to deliver a first child by cesarean, compared with those with higher parity, which suggests that cesarean rates in Brazil will continue to rise in the future, as the practice of performing repeat cesareans is firmly entrenched in Brazil. This suggests that the rate of increase in Brazilian cesarean section rates may be increasing, unlike the rates in industrialized countries, where the rate of increase appears to be slowing down (9) .
These findings raise the question as to why the location where a woman delivers and who pays for that delivery has such a significant effect on whether or not it will be surgical. Is it because of the organizational structure and regulation of the health system in Brazil? Economic incentives for doctors contribute to the high rate of cesarean sections performed in private hospitals (2, 4, 7, 15) , and could explain the influence of how a delivery is paid for on whether the woman has a surgical or vaginal birth. Until 1980, obstetricians were paid more for cesarean deliveries than for vaginal deliveries. Although payment schemes have long since been equalized, a surgical delivery still tends to be far more profitable per hour worked in the delivery room. Cesarean section deliveries also allow physicians who attend women with private health insurance to schedule surgical deliveries, many of which have no medical indication (16) , so as to not conflict with their normal office hours. The time element is particularly important because Brazilian obstetricians who attend private patients typically do not work in teams, but instead individually attend to the labor and delivery of all their private clientele. Scheduling cesarean deliveries minimizes professional and personal life disruptions and maximizes an obstetrician's ability to attend more private patients.
Another possible explanation for the strong relationship between how a delivery is paid for and whether or not the birth is surgical could be a stronger preference for a cesarean section among women who deliver privately financed births in private hospitals. Studies to measure Brazilian women's preferences for mode of delivery in the mid-to-late 1990s found that large majorities of women (70-80%) preferred to deliver vaginally, and there were no differences between those who delivered in public hospitals and those who delivered in private hospitals (2, 4) . More recent studies elsewhere in the world also have found preference for cesarean section to be low (17) (18) (19) , so it is unlikely that women's demand for surgical birth is driving much, or any, of the rising rates in cesarean section in Brazil.
Another potential hypothesis is that women who have privately financed deliveries by cesarean section do so to obtain a surgical sterilization. A limitation of this study is that we do not have a measure for sterilization, which we know to have a significant impact on the rate of cesarean sections, especially in the private sector (20) . Indeed, evidence suggests that women who would otherwise have had a publicly funded delivery in a public hospital are instead choosing to deliver by cesarean in the private sector to get sterilized (13, (21) (22) (23) (24) (25) (26) (27) (28) (29) . Our finding that women with at least three children have a significantly lower chance of delivering by cesarean section than women with two children likely means that poorer women with higher fertility, whose births are overwhelmingly publicly funded, have a lower chance of getting a cesarean (with associated sterilization) compared with wealthier, more educated women who typically stop childbearing at two children.
A notable change in the Brazilian health system was the federal government's approval of the family planning law in 1997 (30) . The goal of this law was to legalize and regulate the practice of female sterilization, with an aim at preventing this procedure from being performed during cesarean sections in public hospitals, while also regulating access to other contraceptive methods (30) . The law prohibits sterilizations to be performed at the time of birth or abortion except when a history of multiple cesarean sections could put a woman at risk in a subsequent pregnancy. Not surprisingly, access to sterilization in public hospitals did not increase after implementation of the law (21, 31, 32) . However, the incidence of sterilization performed during cesarean sections is still a common practice in the country, especially in private hospitals.
These findings suggest that private sources of payment exert a positive influence on cesarean rates in Brazil over and above the influence of hospital ownership. And although the proportions of privately financed deliveries in public hospitals and publicly financed deliveries in private hospitals have declined since 1998, they still represent nearly one in 17 births in Brazil in 2008. Therefore, where possible, it is important to identify the payment source for delivery, and whether the hospital is owned by a public or private entity, to better understand the dynamics of cesarean section rates in Brazil.
